A sensitive, reliable plaque assay system is described for five rhinoviruses using freshly prepared methylcellulose overlay and human embryonic diploid cells. Circular plaques with irregular edges, 2 mm in size, were formed by rhinoviruses 1A, 2, 6, and 13 after 6 or 7 days of incubation. A fifth rhinovirus, 17, formed a 1-to 2-mm feather plaque after 14 days of incubation. Plaque counts of rhinoviruses 1A and 13 were not affected by varying the pH of the overlay from 6.9 to 7.5. Plaque sizes and plaque-forming unit values of high passage rhinoviruses IA and 13 were equivalent when tested at 26, 31, or 36 C. The rhinoviruses tested were sensitive to incubation at 40 C or heating at 50 C. Enhancement of plaques was observed when Mg++ was incorporated into agar overlays, but enhancement did not occur when Mg++ was added to methylcellulose overlays.
The plaque assay for animal viruses was first described by Dulbecco (2) and has since found widespread application to many virus-cell systems, incluiding rhinoviruses (5, 11, 13, 14, 18) . The original method of observing small foci of degenerating cells infected by rhinoviruses under the microscope (13) was replaced by the production of plaques under agar (14) . Plaque characteristics such as shape, size, and degree of lysis of cells caused by different rhinoviruses may be observed under agar (5, 11, 14, 18) . Variations in the use of primary tissues or human heteroploid cells, methylcellulose or agar overlay, or additives such as diethylaminoethyl (DEAE)-dextran or Mg++ to the overlay have been described (5) .
Genetic markers such as the bicarbonate (d) marker (16) or temperature (T) markers (12) may be performed with a plaque assay system.
Methylcellulose is an agar substitute first described by Hotchin (7) in plaque assays of herpes simplex virus. The advantages of it are that it is nontoxic (7), chemically defined (15) , avoids inhibitory effect of agar (15) , and it is relatively easy to handle (7) .
The formation of plaques with rhinovirus 2 in heteroploid cells using methylcellulose has been reported (5) . The purpose of this paper is to present a sensitive, reliable assay system for five Plaque assays. Monolayers of WI-38 cells were used 4 to 6 days after seeding the flasks. Prior to virus inoculation, the cell sheet was washed once with 2 ml of Earle's BSS, the supernatant fluid was decanted, and 2 ml of Earle's BSS was added. An 0.1-ml amount of the appropriate dilution of virus was added to each of three flasks, with absorption for 2 hr at room temperature. The overlays were added to the flasks in 5-mi volumes using a Cornwall automatic syringe. At the end of the 6-to 7-day incubation period at 33 C, the methylcellulose overlay was decanted. A 4-nd amount of absolute methanol was added to each flask for 10 min. The alcohol was removed, and 4 ml of a 1:10 stock solution of Giemsa stain (Difco) was added for 30 min. In experiments using agar, a second overlay containing a 1:20,000 final concentration of neutral red was added, and the flasks were incubated for 4 hr at 36 C.
Linearity and temperature experiments. Linearity experiments were performed according to the method of Dulbecco and Vogt (3) using twofold dilutions of virus. The temperature genetic markers, T26, T30, and T40, were determined by incubating the test for 7 days at the stated temperature (12) . The T50 marker was determined by the method of Hozinski et al. (8), except that the viruses were heated for 30 min at 50 C in our system before plaque titrations.
Viruses. Rhinoviruses 1A, 2, 6, 13, and 17 were used. The history of the viruses was given in an earlier publication (4) . The nomenclature used is as approved by the Directors of the World Health Organization Respiratory and Enterovirus Reference Centers (9) . Rhinoviruses 1 and 13, which had been passed twice in WI cells, were kindly supplied by Vernon Knight, College of Medicine, Baylor University, Houston, Tex. Neutralization tests. An 0.3-nl amount of a 1:20 dilution of heat-inactivated (56C, 30 min) bovine antisera (Abbott Laboratories, North Chicago, Ill.) was added to 0.3 ml of twofold dilutions of viruses, incubated at room temperature for 2 hr. An 0.1-ml amount of this mixture was inoculated into each of three flasks containing WI-38 cells. Absorption was for 2 hr at room temperature. After decanting the fluids, the BME-methylcellulose overlay was added, and the test was incubated for 7 days at 33 C. The cells were then stained with Giemsa stain, and the plaques were counted.
RESULTS
Determination of overlay for rhinovirus plaques. Rhinoviruses 1A, 2, 13, and 17 produced consistent macroplaques with BME and methylcellulose on WI-38 cells (Table 1 ). The use of modified lactalbumin hydrolysate or modified 199 with methylcellulose led to the formation of microplaques, except with rhinovirus 2 which formed macroplaques-with modified 199 and methylcellulose. By contrast, under agar, only microplaques or faint hazy macroplaques were produced by four rhinoviruses. Due to the lack of a strong background stain with neutral red, the plaques were difficult to observe, and the method was discarded in favor of the methylcellulose overlay.
Optimal number of plaques of rhinoviruses were produced at 31 or 33 C using methylcellulose, BME, and either agammaglobulin chicken serum or fetal calf serum (Table 2) . Using fetal calf serum in the overlay, equivalent plaqueforming unit (PFU) values were obtained at 31, 33, and 35 C with rhinoviruses IA and 13. With the same overlay, the PFU values of rhinovirus 2 appeared to decrease with increasing temperature. The PFU values of rhinoviruses lA and 13 also decreased with increased temperature with the agammaglobulin chicken serum overlay. The PFU to TCID50 ratio was approximately 1:1 at 33 C but ranged from 1:2 to 1:20 at 35 C with rhinoviruses 1A and 13, respectively, when agamma chicken serum was used. Some granulation was observed in the monolayers containing chicken serum which was not observed with fetal bovine serum.
Virus stock of either rhinovirus lA or 13 did not vary more than twofold when titrated on different passages of WI-38 cells over a 6-month period of time (Table 3) . (WI-38) and a simple overlay medium consisting of BME, methylcellulose, and fetal bovine serum.
The critical factor for plaque production appeared to be the preparation of methylcellulose. Fiala and Kenny (5) found that rhinovirus 2 produced a plaque in calf HeLa cells of only 0.5 mm with methylcellulose, whereas we observed that 2-mm plaques were produced in the human diploid of human volunteers and found its growth inhibited in WI-38 cells at 37 C, thus suggesting a possible mechanism of failure for the rhinoviruses to infect the intestine or stimulate antibody production. With the implication that other rhinoviruses (1A and 13) do multiply at 36 C, further studies should probably be performed on different prototypes. The significance of the delayed 26 C marker with a low passage rhinovirus 13 has not been determined. Circular, irregular edged turbid plaques were formed after 6 to 7 days of incubation at 33 C with rhinoviruses 1A, 2, 6, and 13 (2 mm in size).
A fifth rhinovirus, 17, formed a 1-mm feather plaque after 14 
